With the ACR method, systolic anterior motion (SAM) of the anterior mitral leaflet has not occurred, because pulling both leaflets symmetrically down into the ventricle holds the anterior leaflet out of the outflow tract and prevents SAM. Leaflet tissue is never resected. The anterior and posterior leaflets are shaped differently but have the same surface area. 23 Resecting posterior leaflet creates a relatively redundant anterior leaflet, predisposing to SAM. Sliding plasty can compensate by pulling the reconstructed posterior leaflet down into the ventricle. However, the easier solution is not to resect leaflet, especially because maintaining surface area promotes competence. Small leaflet clefts are closed (only if necessary) with figure-of-eight sutures of 5-0 Prolene. Again, ACR without leaflet resection produces no residual leak in 95% of prolapse patients, and mild leak in only 5%. 10 In mitral prolapse, virtually 100% of valves can be successfully repaired using ACR, independent of the anatomy and with negligible early or late conversion to replacement. 9 Generalized Prolapse: Barlow's Valves Figure 3 (A) Diastolic and (B) systolic appearance of a Barlow's valve after ACR repair. Note artificial chords to the left half of both leaflets are placed to the anterior papillary muscle, and the right half to the posterior papillary muscle. It makes little difference what part of the valve is prolapsing. Anterior leaflet prolapse is repaired as easily as posterior prolapse, and in a Barlow's valve with generalized prolapse, employing four independent sets of chords (that can be adjusted individually at the end of the procedure) allows successful repair, even in the most complex anatomies. The authors believe it is important to not have multiple points on the leaflet connected to the papillary muscle with a single Gore-Tex suture. At most, four to five independent chords are required, allowing individual adjustment of chordal length at multiple points on the leaflets and perfect symmetry of repair. Finally, more unusual prolapse pathologic defects such as commissural prolapse or prolapse of multiple different scallops can be repaired easily and reproducibly. Because the repair is not based on myxomatous chords (which can predispose to late chordal rupture 24 ), and because chordal support is actually augmented by the Gore-Tex material, the late failure/reoperation rate has been exceedingly low (2 to 3% over 10 years of follow-up). 10 The subsequent endocarditis rate has been around 1% (a real advantage of repair over replacement), and moderate mitral regurgitation recurrence treated medically has occurred in less than 2%. Together with an operative mortality approaching zero, 17 ACR currently is producing early and late results in mitral valve prolapse equivalent to correction of adult atrial septal defect. 
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Robotic Repair
Figure 5 Setup of the DaVinci robotic system for mitral repair with four arms and a working port in the center. ACR is ideally suited for use with minimally invasive approaches. In the past several years, our group has made the transition to employing the DaVinci robot to repair most patients with isolated posterior leaflet prolapse, which comprises approximately half of prolapse cases. . The posterior leaflet is flail at baseline; after ACR repair, the valve is fully competent. Using the robot, chordal insertion with ring annuloplasty but without leaflet resection is a simple procedure. ACR is performed in exactly the same fashion as open repairs, except exposure of the submitral apparatus actually is better, and the patient experiences less incisional pain and morbidity. At present, increasingly difficult repairs are being performed with this technology, involving multiple chords or other aspects of the technique described above, and it is likely that robotic procedures will be used in a larger percentage of patients over time. 13 
Ischemic MR and Pure Annular Dilation
Most patients with postinfarction ischemic MR can be managed with full ring annuloplasty alone. 20, [25] [26] [27] The important concept is reduction of the anterior-posterior mitral dimension, 28 which is best accomplished with a full rigid or asymmetrical ring. 29 Effective repair in ischemic MR reduces operative mortality and improves late survival as compared with valve replacement. 20, 30 Rarely, patients will manifest elongation or rupture of a papillary muscle infarct, producing leaflet prolapse. In these cases, ACR can be used together with ring annuloplasty to repair the prolapse. It is important to note, however, that the chords should be placed to a viable papillary muscle, because the infarct area can expand later and tether the leaflet if the chord is attached to the infarct. Patients with poor ventricular function or leaflet tethering preoperatively are treated with a posterior leaflet pericardial patch (see below) to compensate for the tethering. 31 Of course, patients with pure annular dilation, as encountered most often in females with hypertensive or other types of cardiomyopathies, do very well with ring annuloplasty alone and do not require ACR. 32 Rheumatic Disease and Endocarditis Figure 7 Artificial chords have facilitated repair of rheumatic valves and endocarditis. When combined with gluteraldehyde-fixed autologous pericardium to augment defective leaflets, along with ring annuloplasty to address annular pathologic abnormalities, ACR allows repair of virtually all mitral disorders. In rheumatic disease, repairs previously failed for two reasons. The first is the almost uniform finding of a scarred-retracted posterior leaflet in rheumatic valves. The second is immobility of the anterior leaflet due to submitral chordal thickening and/or calcification. Correction of the first problem is begun by first performing a generous decalcifying commissurotomy, and then the posterior leaflet is incised 2 mm from the annulus throughout most of its length. A gluteraldehyde-fixed autologous pericardial patch is inserted into the posterior leaflet with a 5-0 Prolene running suture, significantly augmenting posterior leaflet surface area (shown above). This procedure was originally described by Frater, 33 and then by Carpentier's group, 34, 35 and is much easier than one might anticipate. A similar technique can be used for the anterior leaflet, when necessary. 36 The anterior leaflet/submitral pathologic abnormalities of rheumatic disease are addressed by resecting the primary and secondary chordal attachments of the anterior leaflet to both papillary muscles. 14 Any calcium usually is located in the superficial layers and can be debrided easily. With careful effort, a fairly normal-appearing anterior leaflet emerges, with a good "hinge" or "trap door" mechanism. Occasionally, the thickened and fibrotic chordal insertion sites on the underside of the leaflet can limit mobility, and these are excised with sharp dissection. After a highly mobile anterior leaflet is created, it is reattached to the papillary muscles by running a Gore-Tex artificial chord from the left-front corner of the rectangular anterior leaflet to the anterior papillary muscle, and from the right-front corner to the posterior papillary muscle (above).
Conclusions
Artificial chordal replacement is now a mainstream technique in mitral valve repair. ACR has not only increased the applicability and early/late success rates of repair for prolapse but has opened up other mitral disease etiologies to the routine benefits of repair. Long-term data now are available to document the stability of this approach and to justify its increased application to most mitral pathologic defects. Last year in North America, 70% of isolated mitral valve procedures were repair, and to the benefit of the patient population, this trend continues to be positive. 37 Little question exists that the technique of artificial chordal replacement has contributed to this trend, and we may be entering an era in which prosthetic mitral valve replacement becomes rare. Mitral valve surgery, once the high-risk procedure in cardiac surgical practice, 38 now is one of the most gratifying, due in part to the emergence of mitral valve repair and artificial chordal replacement.
Appendix
One of the late repair failures in our series, over 10 years ago, was due to rupture of 4-0 Gore-Tex chords placed to an anterior leaflet 3 years earlier. The valve was re-repaired with 2-0 Gore-Tex suture, passed from the same anchor pledgets to the anterior leaflet, and adjusted to proper length. At that point, we changed to 2-0 Gore-Tex for chordal reconstruction and have not experienced any more chordal ruptures. Moreover, the 2-0 Gore-Tex has functioned well, with no leaflet immobility or other problems observed. The 2-0 GoreTex is a little "spongy" and requires care in tying tightly, as described above. It has been used routinely for the past 10 years.
When the 4-0 Gore-Tex chord failed, the following "backof-the-napkin" analysis was performed. Pressure, of course, is force per unit area, and the force encountered by chords to a large anterior leaflet would be higher at a given pressure than those to a smaller posterior leaflet. As a worse-case calculation, a 250 mmHg pressure in the left ventricle at 1333 dynes/cm 2 /mmHg would produce a pressure of 333,306 dynes/cm 2 . A no. 36 Carpentier ring has an area of 5.85 cm 2 , and assuming a similar area of the anterior leaflet, the total linear force on the anterior leaflet would be 1,933,166 dynes or 1.97 kg. It is unclear how much of this force would be supported by the annular attachments of the anterior leaflet, but if one assumes very little, the total worse-case force subjected to an artificial chord supporting a large anterior leaflet would approach the yield force of 4-0 Gore-Tex, which is 2.03 kg (Jim Silverman, W.L. Gore & Associates, Inc., Flagstaff, AZ, unpublished data). The yield force of 2-0 Gore-Tex 14 However, it is now quite common to operate on patients with calcified, stenotic, and insufficient rheumatic valves in chronic atrial fibrillation, and to end up with repaired valves functioning normally, with sinus rhythm (after the Cox maze IV procedure), and with the patient receiving only aspirin anticoagulation-a truly gratifying outcome. Similar repairs are used for endocarditis, employing pericardial patches and Gore-Tex artificial chords to restore the valve to normal function. Of course, long-term outcomes in endocarditis are limited by possible recurrent drug use, etc. However, ACR is an essential component of mitral repair currently performed for both rheumatic disease and endocarditis.
